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OMNI-DIRECTIONAL TREADMILL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to omni-directional tread 

mills; that is treadmills that alloW users to Walk or run in any 
arbitrary direction. Currently, omni -directional treadmills are 
mechanically complex, noisy, and expensive. A need exists 
for affordable, quiet omni-directional treadmills that have 
smooth, continuous surfaces. 

2. Description of the Prior Art 
US. Pat. No. 6,743,154 discloses an omni-directional 

moving surface composed of a spheroid bladder, a Walking 
platform enveloped by that bladder, and a support base With 
ball-bearings. That system involves the stretching of a spher 
oid shape to approximate a ?at surface, and does not provide 
means for a poWered drive. 
US. Pat. No. 6,152,854 discloses an omni-directional 

treadmill. Because that system has a Walking surface com 
posed of many small rotating elements, that system may be 
too noisy to be practical in many applications, and the 
smoothness of such a surface is limited. 

There is a need in the art for an improved continuous, fully 
omni-directional motoriZed moving surface that can be used 
as a treadmill or motion simulator. 

SUMMARY OF THE INVENTION 

The invention described herein is similar to a linear tread 
mill in that the user is able to Walk or run in an upright manner 
While remaining stationary. Altemately, the user may assume 
a variety of postures With respect to the planar active surface 
such as sitting, craWling, or lying prone. 

Unlike an ordinary treadmill, the invention is omni-direc 
tional and alloWs users to Walk or run in any arbitrary direc 
tion. The apparatus employs a ?exible endless toroid belt that 
can be rotated around its major and minor axis simulta 
neously, to alloW motion in any direction. 

To form the toroid belt, a non-porous rubber-like material 
is folded around ?exible rods and ?attened. The ?exible rods 
remain Within position on opposite sides of the belt and act to 
maintain the belt’s shape and alignment during use. The belt 
Will have seams that need to be sealed using heat or a ?exible 
adhesive. Lubricant is then injected to lubricate the interior 
surface of the toroid belt. This lubricant may be viscous or 
dry. The resulting belt is shaped like tWo conventional tread 
mill belts, placed one inside the other, With their edges joined 
and the space betWeen them ?lled With lubricant. The belt is 
then looped around rollers. 

The belt has tWo layers, inner and outer, in betWeen Which 
the lubricant is injected. The top portion of the belt rests on a 
platform that supports users’ Weight, and the outer layer of 
this portion of the belt, the user active surface, is the part of the 
belt that Will be contacted by users. The inner layer of the top 
portion of the belt, the loWer layer, actually rests on and slides 
against the platform surface, Which has a loW coef?cient of 
friction, When the belt is in use. 

To rotate the belt, tWo sets of rollers are employed; one to 
move the belt in the X direction and one to move the belt in the 
Y direction. The X-direction rollers are located along the 
edges of the top portion of the belt against both the active and 
loWer surfaces. The X-direction rollers press both the active 
and loWer surfaces of the belt against its internal ?exible rods. 
The rollers pressed against the active surface of the belt and 
the rollers pressed against the loWer surface rotate in the same 
plane, pushing the loWer surface in one direction and the 
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2 
active surface in the opposite direction, causing the surfaces 
to slide against each other and roll over the rods in the desired 
direction. The tWo surfaces are able to slide against each other 
because of the viscous internal lubricant. 

TheY-direction rollers press against the inner surface of the 
tWo ends of the belt like in a conventional linear treadmill and 
rotate to turn the belt in the Y direction. All of the rollers 
(Y -direction and X-direction) are constructed With small sec 
ondary rollers on the primary roller surfaces. The small sec 
ondary rollers freely rotate on secondary roller axles mounted 
circumferentially and tangentially on the primary roller sur 
faces. The small secondary rollers rotate in directions perpen 
dicular to the primary rollers on Which the secondary rollers 
are mounted. 

Because of the secondary rollers, the belt can move freely 
in the Y direction over the X-direction primary rollers, and 
vice versa. The secondary rollers thus alloW the belt to move 
in both directions simultaneously. The secondary rollers actu 
ally contact the belt surfaces and actually move the belt sur 
faces in the directions of the secondary roller axes When the 
primary rollers are turning. The secondary rollers passively 
alloW movement of the belt surfaces in directions perpendicu 
lar to the secondary roller axes. Combinations of the passive 
and active motions of the secondary rollers While all of the 
primary rollers are rotating produce the angular vectors of 
motion on the user active surface of the belt. 

The invention provides an omni-directional moving belt 
apparatus for alloWing a user to Walk or run in any arbitrary 
direction. The invention includes a frame and a belt assembly 
mounted around the frame and has an active user surface on 
the top of the frame. The belt assembly has a ?attened toroid 
shape belt made of ?exible, durable, non-porous material 
With internal ?exible rods and injected With lubricant. The 
invention also includes a plurality of motorized rollers that 
rotate the toroid-shape belt assembly around major and minor 
axes. The combined movement of the rotation of the belt 
assembly around the major and minor axes results in omni 
directional movement of the user active surface of the belt 
assembly. 

Each of the motoriZed rollers has a primary central roller 
and plural small, secondary rollers mounted on axes perpen 
dicular to an axis of the primary roller. On each primary roller, 
the secondary rollers are mounted on secondary axes 
arranged tangentially and space circumferentially around the 
outer surface of the primary roller. The rollers mounted on the 
sides of the belt assembly are X-direction rollers and trap the 
internal ?exible rods along the edges of the belt assembly for 
lateral stability of the belt assembly and to rotate the belt 
assembly across the ?exible rods. 
The invention also provides a closed-loop motor control 

system integrated With a user position sensing device and 
connected to motoriZed rollers that automatically keeps the 
user centered on the belt assembly. 

The invention provides a programmable motor control sys 
tem connected to the motoriZed rollers to alloW pre-program 
ming and repeated playback of various motion routines. 
The invention also provides a motion platform on Which 

the entire treadmill is mounted to create various angular 
motions and positions of the treadmill. 
The invention additionally provides for a smooth colora 

tion of the apparatus such that it can be used in “Bluescreen” 
(Chroma-Key) applications. 
A neW omni-directional treadmill method provides a frame 

having a longitudinal Y direction and lateral X direction, 
provides sets of Y-direction motorized primary rollers at lon 
gitudinal ends of the frame, and provides upper and loWer 
X-direction motoriZed primary rollers on opposite sides of 
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the top of the frame. Secondary rollers are mounted on per 
pendicular tangential secondary axes spaced circumferen 
tially along outer surfaces of the primary rollers. Laterally 
spaced ?exible circular rods are provided in a toroidal tube, 
the tube is ?attened, closed, and sealed, and then lubricant is 
injected into the tube. 

The ?attened toroidal tube is mounted on the frame around 
theY-direction rollers, the ?exible circular rods are positioned 
in lateral extremities of the tube, and the rods and lateral 
extremities are captured above the frame betWeen the upper 
and loWer X-direction rollers. The motoriZed primary rollers 
are rotated and the belt is moved With the secondary rollers in 
directions of the secondary axles When the primary rollers are 
rotated. The belt is alloWed to move freely over the secondary 
rollers in directions perpendicular to the secondary axles. 

These and further and other objects and features of the 
invention are apparent in the disclosure, Which includes the 
above and ongoing Written speci?cation, With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of the conveyor assembly. 
FIG. 2 is a longitudinal section vieW of the conveyor 

assembly. 
FIG. 3 is a lateral section vieW of the conveyor assembly. 
FIGS. 4A-C are diagrams shoWing the process of forming 

a ?at toroid belt. 

FIG. 5 is a perspective vieW of a typical uni-directional 
conveyor Wheel assembly. 

FIG. 6 is a cross-section of a conveyor Wheel assembly. 

FIG. 7 is a cross-section of a toroid belt Without internal 
rods 

DETAILED DESCRIPTION OF THE DRAWINGS 

In order for a treadmill surface to move in any direction, it 
must have tWo perpendicular vector motion components, plus 
and minus X, and plus and minusY. A controlled combination 
of these motion vectors creates a sum vector that can create 

surface movement in any direction. The omni -directional 
treadmill (ODT) used a ?attened toroid belt as the active 
surface, and uses motorized Wheel assemblies to rotate the 
belt around the minor axis for X direction movement, and 
around theY axis forY direction movement. The motors may 
be controlled With a manual or computer operated speed 
controller. 

The toroid belt must be fabricated from a material ?exible 
enough to be folded in the desired shape, yet durable enough 
to Walk or run on While resisting Wear. The material should be 
non-porous so that it can contain internal lubricant. A rubber 
like polymer about 1A" thick Would be an example of such a 
material. 

FIG. 1 illustrates the conveyer assembly from a perspective 
vieW. It shoWs the ?nished toroid conveyer belt 207 looped 
over the Y-direction rollers 208 and drive shaft 206, mounted 
on a motion platform 209, With the X-direction rollers 302 
and driveshaft 305 in place. X-direction motion of the toroid 
belt 207 is driven by the X-direction motors 101. Y-direction 
motion of the belt is driven by the Y-direction motor 102. The 
Y-direction motion is achieved by looping the belt 207 over 
the tWo roller shafts 206, similar to those found in a conven 
tional linear treadmill. One or both of these end roller shafts 
206 are poWered. 

FIG. 1 also shoWs the axis used, With the major axis labeled 
Y and the minor axis labeled X, and illustrates the directions 
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4 
in Which each set of rollers can rotate. The ?exible rods push 
the belt outWards, creating the raised edge portions of the belt 
1 07. 

A closed-loop motor control system 103 integrated With a 
sensing device may be added to automatically keep the user 
106 centered on the treadmill 207. Many applications, such as 
“Virtual Reality” (VR) simulations, as Well as all manner of 
Video Games, Would bene?t from such an arrangement. 
A programmable motor control system 104 may be added 

to alloW the pre-programming and repeated playback of vari 
ous motion routines. This arrangement could be especially 
useful for applications in the ?lm industry, Where the same 
user movement may need to be accurately repeated over 
several takes. 
The entire treadmill mechanism may be mounted to a 

motion platform 209 to alloW various angular motions and 
positions of the treadmill. Tipping the surface With actuators 
105 Would be useful for simulating inclined terrain, such as 
the side of a hill. TheY-direction motor 102 is mounted to the 
motion platform 209 With a mounting bracket 108 and moves 
freely With the platform 209. 
A useful application for an omni-directional treadmill 

(“ODT”) Would be for use in “Bluescreen” (Chroma-Key) 
effects for the ?lm industry. The Bluescreen technique 
involves shooting foreground action against an evenly-lit 
monochromatic background (usually blue or green) for the 
purpose of removing the background from the scene and 
replacing it With a different image or scene. Often, use of this 
technique is limited by the siZe of the monochromatic back 
ground, Which is usually a single curtain or Wall, and never 
larger than the siZe of a studio sound stage. If the action for a 
scene called for an actor to run or Walk great distances against 
an alien landscape, for example, the action Would normally be 
con?ned to the dimensions of the monochromatic back 
ground. If the actor Were on an ODT that Was the same color 
as the background, the action could take place While the actor 
remained in a relatively small area in front of the monochro 
matic background. The continuous surface of the toroid-belt 
ODT lends itself to smooth coloration that Would be di?icult 
to achieve With other ODT designs in Which the surface is 
composed of many moving parts. 

FIG. 2 illustrates a cross-section of the conveyer belt 
assembly from a longitudinal vieW. The toroid belt 207 is 
pressed against the Y-direction roller assemblies 208, and 
turns With the Wheel bodies 205 When they are rotated. The 
loWer layer 202 and active layer 201 of the belt 207 are 
separated by lubricant and rest on the ?at surface 203 of the 
motion platform 209, Which supports the Weight of users. 
When the belt is in motion, the underside of the belt slides on 
the ?at platform surface 203, Which has a loW coe?icient of 
friction. 

FIG. 3 illustrates a cross-section of the conveyer belt 
assembly from a latitudinal vieW. The ?exible rods 301 inside 
of the toroid belt 207 create the raised edge portions of the belt 
107 and help the X-direction roller Wheel assemblies 302 to 
capture the edges of the belt 207. The rods 301 roll With 
X-direction movement, and also serve to transmit torque 
evenly along the edges of the belt 207. The X-direction roller 
Wheel assemblies 302 squeeZe the belt against the rods 301, 
and rotate to move the active surface 201 counter to the loWer 
surface 202. The motion of the X-rollers 302 is synchronized, 
either electronically or through mechanical linkages. The 
internal surfaces of the belt are lubricated With either a dry or 
viscous lubricant. FIG. 3 also shoWs hoW the belt surfaces 201 
and 202 Will move When the minor-axis rollers 302 rotate in a 
given direction. 



US 7,682,291 B2 
5 

The belt 207 rests on the ?at surface 203 on the motion 
platform 209. The platform has a concavity 308 that alloWs 
for the mounting of the X-direction rollers. The platform 
extension 307 leads to a ?ange 306 Which can be mounted on 
a frame, actuators, or a surface. 

FIG. 4 illustrates the formation of an enclosed toroid shape 
for use as the conveyer belt 207. To form an enclosed toroid 
shape, the material Will be folded around the ?exible rods 
3 01. The belt Will have seams that need to be sealed using heat 
or a ?exible adhesive. A dry or viscous lubricant is then 
injected to lubricate the interior surface of the toroid. 

FIG. 5 illustrates the belt roller assemblies 503, Which are 
designed to transmit force in a direction normal to the roller 
drive shaft 505, While allowing unrestricted motion in the 
direction parallel to the roller drive shaft 505. The assemblies 
503 consist of free-turning rollers 501 positioned around the 
periphery of the Wheel body 502. The free-turning rollers 501 
are angled 90 degrees from the roller drive shaft 505, driven 
by a motor 504. Each roller 501 frictionally abuts the surface 
of the toroid belt 207. 

FIG. 6 shoWs that each of the small rollers 501 has a curved 
surface 601 and is mounted on an axis 602 that is perpendicu 
lar to the roller drive shaft 505. 

If the X-direction motors 101 are moving, and the Y-direc 
tion motor 102 remains stationary, the X-direction roller 
Wheel assemblies 302 Will rotate, With the small rollers 303 
stationary Within the Wheel bodies 304, While the Y-direction 
small rollers 204 Will free-spin Within their stationary Wheel 
bodies 205, creating surface movement only in the X direc 
tion. Conversely, if the Y-direction motor 102 is moving, and 
the X-direction motors 101 remain stationary, the Y-direction 
roller Wheel assemblies 208 Will rotate While the X-direction 
small rollers 303 Will free-spin Within their stationary Wheel 
bodies 304, creating surface movement only in the Y direc 
tion. Movement in any direction other than pure X or pure Y 
Will involve a combination of both types of Wheel assembly 
movements. 

FIG. 7 illustrates an alternate belt assembly Without inter 
nal ?exible rods. Here the active layer 201 and loWer layer 
202 of the toroidal belt have a thin layer of lubricant 702. The 
belt has a minimum bending radius and bulges outWard Where 
folded at the lateral edge of the belt, forming the minimum 
radius bend 701. The minimum radius of this bend is su?i 
ciently large that the belt is trapped and rotated by the X-di 
rection rollers 302. 

While the invention has been described With reference to 
speci?c embodiments, modi?cations and variations of the 
invention may be constructed Without departing from the 
scope of the invention. 

We claim: 
1. A moving belt apparatus for alloWing a user to Walk or 

run in any arbitrary direction comprising: a frame, a belt 
assembly mounted on the frame, said belt assembly having a 
user active surface, Wherein said belt assembly is composed 
of a ?attened toroid shape, a plurality of motoriZed rollers that 
rotate the toroid-shaped belt around major and minor axes, 
Whereby the combined movement of the rotation of the belt 
around the major and minor axes results in omni-directional 
movement of the user active surface of the belt, Wherein the 
belt assembly has ?exible internal rods along the sides of the 
belt assembly, Wherein the rollers further comprise X-direc 
tion rollers mounted on the sides of the belt assembly, 
Wherein the X-direction rollers trap the internal ?exible rods 
along the edges of the belt assembly for lateral stability of the 
belt assembly and to rotate the belt assembly across the ?ex 
ible rods in the X-direction. 
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6 
2. The moving belt apparatus of claim 1, Wherein the tor 

oid-shaped belt is made of a ?exible, durable, non-porous 
material. 

3. The moving belt apparatus of claim 1, Wherein the belt 
assembly is injected With lubricant. 

4. A moving belt apparatus for alloWing a user to Walk or 
run in any arbitrary direction comprising: a frame, a belt 
assembly mounted on the frame, said belt assembly having a 
user active surface, Wherein said belt assembly is composed 
of a ?attened toroid shape, a plurality of motoriZed rollers that 
rotate the toroid-shaped belt around major and minor axes, 
Whereby the combined movement of the rotation of the belt 
around the major and minor axes results in omni-directional 
movement of the user active surface of the belt, Wherein the 
rollers further comprise X-direction rollers mounted on the 
sides of the belt assembly, Wherein the X-direction rollers 
press the layers of the belt assembly against each other and 
turn to slide the belt assembly layers across each other and 
rotate the belt assembly in the X-direction. 

5. The moving belt apparatus of claim 1, Wherein the belt 
material has a su?cient bend radius along lateral edges that it 
is trapped by the X-direction rollers. 

6. The moving belt apparatus of claim 1, Wherein each of 
the rollers has a primary central roller, and plural small, 
secondary rollers mounted on axes perpendicular to an axis of 
the primary roller. 

7. The moving belt apparatus of claim 6, Wherein on each 
roller, the secondary rollers are mounted on secondary axes 
arranged tangentially and spaced circumferentially around an 
outer surface of the primary roller. 

8. The moving belt apparatus of claim 1, further compris 
ing a closed-loop motor control system integrated With a user 
position sensing device and connected to the motoriZed roll 
ers automatically keeps the user centered on the belt assem 
bly. 

9. The moving belt apparatus of claim 1, further compris 
ing a programmable motor control system connected to the 
motoriZed rollers to alloW pre-programming and repeated 
playback of various motion routines. 

10. The moving belt apparatus of claim 1, Wherein the 
entire treadmill is mounted on a motion platform to create 
various angular motions and positions of the treadmill. 

11. The moving belt apparatus of claim 1, Wherein the 
apparatus is smoothly colored such that it can be used in 
“Bluescreen” (Chroma-Key) applications. 

12. A moving belt apparatus for alloWing a user to Walk or 
run in any arbitrary direction comprising: 

a frame, 
a belt assembly mounted around the frame, 
said belt assembly having a user active surface, 
Wherein said belt assembly is further comprised of a ?at 

tened toroid-shape belt, 
Wherein said toroid-shape belt is made of a ?exible, 

durable, non-porous material, 
said belt assembly is injected With lubricant, 
a plurality of motoriZed rollers that rotate the toroid-shaped 

belt assembly around major and minor axes, Whereby 
the combined movement of the rotation of the belt 
assembly around the major and minor axes results in 
omni -directional movement of the user active surface of 
the belt assembly, 

Wherein each of the rollers has a primary central roller, and 
plural small, secondary rollers mounted on axes perpen 
dicular to an axis of the primary roller, 
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wherein on each roller, the secondary rollers are mounted 
on secondary axes arranged tangentially and spaced cir 
cumferentially around an outer surface of the primary 
roller, 

Wherein the rollers further comprise X-direction rollers 
mounted on the sides of the belt assembly, 

Wherein the belt material has a su?iciently large minimum 
bend radius that the belt can be trapped by the X-direc 
tion rollers, 

Wherein the X-direction rollers press the layers of the belt 
assembly against each other and turn to slide the belt 
assembly layers across each other and rotate the belt 
assembly. 

13. The moving belt assembly of claim 12, Wherein the belt 
assembly has internal ?exible rods and the X-direction rollers 
trap the internal ?exible rods along the edges of the belt 
assembly for lateral stability of the belt assembly and to rotate 
the belt assembly across the ?exible rods in the X-direction. 

14. The moving belt apparatus of claim 12, further com 
prising a closed-loop motor control system integrated With a 
user position sensing device and connected to the motorized 
rollers automatically keeps the user centered on the belt 
assembly. 

15. The moving belt apparatus of claim 12, further com 
prising a programmable motor control system connected to 
the motorized rollers to alloW pre-programming and repeated 
playback of various motion routines. 

16. The moving belt apparatus of claim 12, Wherein the 
entire treadmill is mounted on a motion platform to create 
various angular motions and positions of the treadmill. 

17. The moving belt apparatus of claim 12, Wherein the 
apparatus is smoothly colored such that it can be used in 
“Bluescreen” (Chroma-Key) applications. 
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18. An omni-directional treadmill method comprising: 
providing a frame having a longitudinal Y direction and a 

lateral X direction, 
providing sets of Y-direction motorized primary rollers at 

longitudinal ends of the frame, 
providing upper and loWer X-direction motorized primary 

rollers on opposite sides of a top of the frame, 
providing secondary rollers mounted on perpendicular tan 

gential secondary axles spaced circumferentially along 
outer surfaces of the primary rollers, 

providing a toroidal tube, 
?attening the tube, 
closing and sealing the tube, 
injecting lubricant in the tube, 
mounting the ?attened toroidal tube on the frame around 

the Y-direction rollers, 
capturing the lateral extremities of the ?attened tube above 

the frame betWeen the upper and loWer X-direction roll 
ers, 

rotating the motorized primary rollers and moving the belt 
With the secondary rollers in directions of the secondary 
axles When the primary rollers are rotated and alloWing 
free movement of the belt over the secondary rollers in 
directions perpendicular to the secondary axles. 

19. The omni-directional treadmill method of claim 18, 
further comprising providing laterally spaced ?exible circu 
lar rods in the toroidal tube, ?attening the ?exible circular 
rods With the tube and positioning the ?attened ?exible cir 
cular rods in lateral extremities of the ?attened tube, and 
trapping the rods in the lateral extremities of the ?attened tube 
betWeen the upper and loWer X-direction rollers. 

* * * * * 
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